(h-j) Measured reflectance spectra, TCMT fit and extracted resonance frequencies and damping rates for nano-antennas in an aqueous environment. Measurements are taken from 5 arrays, with nominal antenna lengths varied between 1.6 and 2.0 µm and fixed periodicity (P = 2.5 µm, square lattice). In the fits ν b and γ b are fixed while νa, γae, γa0 and µ are let to vary. (h) Reflectance spectra and fit for a L = 1.8 µm antenna array (P = 2.5 µm period). The dash-dotted line shows the resonance line-shape of the OH band and its correspondence to the experimentally measured H 2 O absorption (grey shaded region). (i) Extracted antenna resonance frequency. (j) Extracted antenna damping rates and antenna-OH bend coupling parameter. Points and error bars in (e,f) and (h,i) correspond to average values and ±1 standard deviation for N = 3 and N = 2 samples respectively. The (fixed) values of ν b and γ b are indicated by the red lines in (i) and (j) respectively. Angle of incidence for both is 40 degrees. It was assumed that light entered the crystal at normal incidence, hence the base-line reflectance corresponds to (1 − R0) 2 where R0 is the reflectance at 0
• from the prism-air interface calculated from the Fresnel equations. The dip at ∼ 1650 cm −1 is from water absorption, which is larger for ZnSe due to its much greater penetration depth (see, e.g. 
Supplementary Methods

Generalized resonator model for plasmonic nano-antenna in dry and aqueous environments
The Temporal Coupled Mode Theory (TCMT) formalism [33] can be applied to the generalized resonator schematic shown in Fig. 2b ,c of the main text to derive the expression for the reflectance of the bare antenna given by equation (1) 
In equations (S1) and (S2), a is the mode amplitude, ν a the center frequency, γ ae the radiative loss rate and γ a0 the non-radiative damping rate. The incoming, reflected and transmitted waves are represented by s 1+ , s 1− and s 2− respectively (s 2+ = 0). Following [33, 34, 35] , the traveling wave amplitudes, s (1,2)(+,−) are normalized such that |s| 2 is the power carried by the wave. The magnitude squared of the generalized resonator amplitude, |a| 2 corresponds to the energy stored in the plasmonic nano-antenna's resonant mode. The coupling constants, κ 1 and κ 2 dictate the transfer of energy between external radiation at either of the 2 ports and the resonant mode. Assuming an even symmetry mode, κ 1 = κ 2 = κ as in the figure (Fig 2c of the main text) .
In the absence of the resonator, the incoming and outgoing waves at the two ports are related through the direct transmission and reflection coefficients (r, t), of which the matrix C is comprised,
The direct process matrix, C, coupling κ and the external loss rate, γ ae are related by time-reversal symmetry and energy conservation considerations. [33, 34, 35] Since the CaF 2 substrate reflects < 3% of incident light we use,
which leads to r = 0, t = 1 and φ = −π/2 and κ = √ γ ae . Substitution into equations (S1) and (S2) yields,
This approach can readily be extended to include the effects of the OH bend mode by including a second resonator, coupled to the first as indicated schematically in Fig. 2d of the main text. In this case, the coupled mode equations become,[33]
where in setting γ be = 0 and decoupling resonator b from external radiation we have assumed that the interaction of the absorption band with the plasmonic resonator is significantly stronger than its direct interaction with far-field radiation. Solving the set of equations, (S6)-(S8), in conjunction with equation (S4),
where γ a = γ a0 + γ ae . When equation (S9) was fit to aqueous solution data to extract the resonator parameters the values for ν b and γ b were held fixed at those representative for the OH bend mode while those characteristic of the plasmonic resonator (ν a , γ a0 , γ ae ) and the coupling rate µ were allowed to vary.
Constrained base-line correction based a peak shift
The step-like base-line in the SEIRA data (see Figs. 5, 6 in the main text) is a result of the high-frequency, nonresonant component of the protein refractive index (n ∞ in equation (4) in the main text, see also Supplementary  Fig S2a) .[25,36] Independent of the resonant absorption bands, this will perturb the plasmonic resonance, inducing a peak shift. As illustrated in Supplementary Fig. S2 , this shift results in a step-like feature when the ratio of the two reflectance curves (i.e. referencing to the previous step) is taken to compute the differential absorbance. Rather than use an arbitrary polynomial function to correct this base-line (as is the typical procedure) we leveraged the physical origin of this feature to constrain the functional form of the base-line correction.
Specifically, if we assume a general Lorentzian form for the shape of the nano-antenna reflectance peak, as indicated by equation (S5),
the form of the base-line is
where, L 1 and L 2 are given by equation (S11). Equation (S11) differs from (S5) in the presence of the additional constant (Const.) and that the peak amplitude (A j ) can be adjusted independently from the line-width. These changes were used to make the fitting procedure based on equations (S11) and (S12) more generally applicable as well as more intuitive.
In equation (S12), the additional terms bν + G give the equation of a line, with ν = (ν − µ)/s being a centered and scaled frequency. Ideally, in equation (S12), b(ν) = L 2 /L 1 and B = G = 0 according to Supplementary Fig. S2b . The linear correction terms are added to allow for the case of overall slight baseline drifts in between measurements. In general, if used, these terms were very small. In the current implementation of the procedure, the baseline is fit interactively, through a graphical user interface. The results of the fitting procedure, shown in Supplementary Figs . S2c,d, show the proposed functional form to fit the slowly-varying step feature well.
Derivation of equations for quantification
FTIR absorption spectroscopy measurements typically rely on Beer's law for a first estimation and interpretation of signals, for which, the transmission varies as T /T 0 = e −αd , where T 0 is the transmittance through the windows with the sample absent, d is the physical thickness of the sample and α is the absorption coefficient (α = 4πn 2i /λ, n 2i being the imaginary part of the sample refractive index). In ATR spectroscopy, an effective path length, d e , is defined, such that, in analogy with Beer's law, the reflectance change can be written as, R/R 0 = e −αde .
[52] For weak absorption, ∆T ≈ −αd and ∆R ≈ −αd e , such that d e /d ≈ ∆R/∆T . In keeping with this convention, we first sought to quantify our PIR signals similarly, calculating an effective path length from our data. The expected ∆T can be computed using IRRAS measurements, which controls for the surface selection rule, sample preparation and chemical effects. [25, 26] To do so, we first note that for a material with a dielectric function described by equation (4) in the main text, the corresponding refractive index is n 2 = √ 2 = √ 2r + j 2i ≈ n 2r + j 2i /2n ∞ if we assume 2i 2r and n 2r ≈ n ∞ . The thin film form of the Beer's law transmittance then becomes,
This can then be related to the thin film form of the IRRAS reflectance,
For a protein, n ∞ ≈ 1.45 − 1.5, so that
should be used. From equations (S13), (S14) and (S15), we can use,
is equation (3) in the main text.
Immuno Assay Design
The biochemical properties which determine the differing levels of binding we designed for in Fig. 5 of the main text are detailed in the following, beginning with the attachment of the biotin-labelled anti-Rabbit (Goat host), (b) αR(G)(B7389, Sigma) (step 2 in the assay described in Fig. 5) .
The (b) αR(G)is labelled through its amine groups (reaction with NHS-biotin [54] ). When bound to SA, it is expected that it therefore forms a randomly oriented layer. This is significant as IgG is a Y-shaped protein, consisting of a stem (F c ) and two arms (F ab fragments) [40, 41] . Roughly speaking, the antigen binding sites are located at the tips of the F ab fragments, therefore only IgGs with these segments sufficiently exposed and oriented outwards will be active for binding a target molecule [40, 41] . Since IgG is roughly 3 times the size of SA (150 vs 50 kDa), steric considerations prevent there from being a one-to-one correspondence between the number of SA and IgG molecules. Therefore, the IgG layer is expected to be much more loosely packed than the SA layer. This is consistent with the observation in Fig. 5f that the (b) αR(G)signal amplitude is very stable from measurement to measurement. The looser packing results additionally in the smaller signal for the IgG molecule, consistent with our SPR measurements ( Supplementary Fig. S6 ).
The final step in our assay was the binding of one of three target IgG molecules: 1. anti-Goat raised in Mouse, αG(M), purchased from Pierce (31107, Pierce); 2. Rabbit IgG from serum, R(s)(I5006, Sigma); and 3. Mouse IgG from serum (I5831, Sigma), M(s). These were selected to provide different levels of binding to the [40] Finally, with M(s)there is no recognition in either direction, thus no specific binding. The lack of any signal in this case serves as a negative control and shows that non-specific binding does not result in measurable signals above our current noise level.
In addition to the protein binding assays, Fig. 6 in the main text demonstrates the importance of the chemical sensitivity of FTIR in conjunction with the acute sensitivity and versatility of our PIR approach. The selection of latex beads here was motivated by a desire for (1) high frequency refractive index similar to that of proteins (n ∼ 1.45); (2) Lack of amide bonds / presence of other vibrational modes near the amide region, within the bandwidth of our plasmonic enhancement; and (3) Comparable surface chemistry / binding protocols such that they could be introduced in our flow device instead of proteins, holding all else constant. These considerations were all ideally satisfied by the biotin-labeled latex beads.
For the measurement of biological samples, thermal damage and denaturing of proteins is an important concern. Although in the visible, spectroscopy can be performed with high-powered and tightly focused lasers, which can appreciably heat samples [55] the low power and large divergence of a Globar source limits the temperature increase, even in the presence of plasmonic resonances. This can confirmed by considering the heating effects within the uniform temperature approximation (UTA) framework. [55] The approximation is based on the fact that heat flows much faster inside / throughout the nano particle than in the dielectric environment outside it (e.g. water). Therefore, even though the spatial distribution of the absorbed power density is non-uniform, the temperature at the surface of the nano particle is very uniform. This reasonable for e.g. Au particles in water, due to the fact that the thermal conductivity of gold (κ Au = 318 Wm −1 K −1 ) is significantly larger than that of water (κ H2O = 0.6 Wm −1 K −1 ). [57] Within the UTA, the temperature change at the nanoparitcle surface is given by
where P is the power absorbed (in W ), R eq is an equivalent radius corresponding to that of a sphere with the same volume as the nano particle, β is a shape function (dimensionless) and κ is the thermal conductivity of the ambient.
For a Globar source, the power density in a ∆ν = 1 cm −1 bandwidth is < 1 nW µm −2 .[1, 56, 57] In particular, Refs. [57, 58] show approximately 10 −9 W (in a narrow, ∼ 1 cm −1 bandwidth) to be transmitted through a 10 µm diameter pinhole. This corresponds to an intensity of 1.3 × 10 −11 W/µm 2 per 1 cm −1 . Using this as a starting point, we note that the unit cell size for our nano-antenna arrays is 2.5 × 2.5 µm 2 . Assuming this is commiserate with the extinction cross section of our nano-antennas, the power delivered per unit bandwidth is P = 8 × 10 (representative values for our arrays, given the experimental peak reflectance of ∼ 0.7), we find the total absorbed power to be P Abs = 1.5 × 10 −8 W. The parameters R eq and β in equation (S17) depend on the particle geometry. To use the relations in Ref. [55] , we assume that the rod has a cylindrical (instead of rectangular) cross section, with a diameter of d = 0.15 µm (this is the average of the width and height for our rectangular particles). The parameter R eq is the radius of a sphere with a volume the same as that of the rod shaped particle. Therefore, R eq = (3L − d)d 2 /16 1/3 (L is defined as the total length of the rod, which has hemispherical caps at the end). For L = 1.8 µm, R eq = 0.195 µm.The shape factor β is given, for a rod, as β = 1 + 0.097 ln 2 (L/d). For, again, L = 1.8 µm, d = 0.15 µm, β = 1.6. Finally, for water, the thermal conductivity is κ = 0.6 W m −1 K −1 = 0.6 × 10 −6 W µm −1 K −1 . Substituting in all values into eq.(S17), we find ∆T N P ≈ 6.4 × 10 −3 K. Thus, we do not expect local heating effects to play a role in affecting e.g. protein conformation during measurements with a Globar source.
